There are four alternative fuels that can be relatively easily used in conventional CI engines: Vegetable oil, bio-diesel, Fischer-Tropsch (F-T), and dimethyl ether (DME). Both F-T and DME can be manufactured from natural gas and are, therefore, not limited by feedstock availability. The main advantage of the diesel engine is that the level of efficiency is greater than in the Otto cycle engine. Gasoline is a blend of hydrocarbons with some contaminants, including sulfur, nitrogen, oxygen, and certain metals. The four major constituent groups of gasoline are olefins, aromatics, paraffins, and napthenes. The main alternative fuels include alcohol, liquefied petroleum gas, compressed natural gas, hydrogen, and electricity for operation gasoline type vehicles.
I. INTRODUCTION
Today, most of the energy we use comes from fossil fuels: petroleum, coal, and natural gas (NG). Fossil fuels are used mainly in electric and transportation industries. The combustion of fossil fuels is the greatest source of atmospheric pollution. All fossil fuels release greenhouse gases and other pollutants into the atmosphere. There is a growing concern that the world may run out of petroleum based fuel resources. The diesel engine is used mainly for heavy vehicles. The diesel process means that air is compressed in the engine and then the fuel is injected and ignited by the hot, compressed air. In the Otto cycle engine a mixture of fuel and air is compressed and is then ignited by a spark plug.
Alternative fuels for Otto engines or light-duty vehicles (LDVs; cars and light trucks) contain (1) reformulated gasoline, (2) compressed natural gas (CNG), (3) methanol and ethanol, (4) liquid petroleum gas (LPG), (5) liquefied natural gas (LNG), (6) F-T liquids from natural gas, (7) hydrogen, and (8) electricity; (a) spark ignition port injection engines, (b) spark ignition direct injection engines, (c) compression ignition engines, (d) electric motors with battery power, (e) hybrid electric propulsion options, and (f) fuel cells (MacLean and Lave, 2003) . Alternative fuels for Diesel engines or heavy-duty vehicles (HDEs) contain Fischer-Tropsch (F-T) diesel, vegetable oil, bio-diesel, and dimethyl ether (DME).
At present fossil fuels are abundant and available at low cost. The availability of coal is substantially higher. However, since CO 2 emission constraints limit the use of fossil fuels, the fossil fuels does not have any significant impact on the choice of fuel in the transportation sector.
F-T liquids from natural gas and ethanol from biomass may become widespread. The F-T liquids will penetrate if there are large amounts of stranded natural gas selling for very low prices at the same time that petroleum is expensive or extremely low sulfur is required in diesel fuel. (MacLean and Lave, 2003) .
Future costs are very uncertain, and the costs will vary by region and point in time. Also, biomass costs vary substantially depending on the source (Azar et al., 2003) . The costs of owning and driving a car over its lifetime include the payments for the car, its fuel, maintenance, repair, licensing, insurance, and end of life. The relatively low costs of current vehicles and fuels (gasoline/diesel) over their lifetime make it difficult for alternative fuels and advanced vehicles to compete.
Hydrogen for fleet vehicles (busses, automobiles, service vehicles, and so on.) would probably dominate in the transportation sector. To produce hydrogen via electrolysis and the transportation of liquefied hydrogen to rural areas with pipelines would be expensive. The production technology would be site specific and include steam reforming of methane and electrolysis in hydropower rich countries. In the long run, when hydrogen is a very common energy carrier, distribution with pipeline is probably the preferred option. The cost of hydrogen distribution and refueling is very site specific.
II. DIESEL FUEL AND ALTERNATIVES TO DIESEL FUEL
Diesel fuel is produced by distilling raw oil which is extracted from bedrock. Diesel is a fossil fuel. Diesel fuel consists of hydrocarbons with between 9 and 27 carbon atoms in a chain as well as a smaller amount of sulfur, nitrogen, oxygen, and metal compounds. It is a general property of hydrocarbons that the auto-ignition temperature is higher for more volatile hydrocarbons. The hydrocarbons present in the diesel fuels include alkanes, naphthenes, olefins, and aromatics. In addition other substances are added to improve the characteristics of diesel fuel. Its boiling point is between 445 K and 640 K. A good diesel fuel is characterised by low sulfur and aromatic content, good ignition quality, the right cold weather properties, low content of pollutants and also the right density, viscosity, and boiling point.
The main advantage of the diesel engine is that the level of efficiency is greater than in the Otto cycle engine. This means that a greater part of the energy content of the fuel is exploited. The efficiency of a diesel engine is at best 45%, compared with 30% for the Otto engine.
Diesel emissions contain low concentrations of carbon monoxide and hydrocarbons. The major problem with diesel emissions are nitric oxides and particles as these are the most difficult to reduce.
There are four alternative fuels that can be relatively easily used in conventional CI engines: Vegetable oil, bio-diesel, F-T, and DME. Both F-T and DME can be manufactured from natural gas and are therefore not limited by feedstock availability.
Bio-diesel on the other hand, is produced from vegetable (and some waste animal) oils whose supply for non-nutritional uses is presently quite limited. DME, CH 3 -O-CH 3 , is a new fuel which has attracted much attention recently. Today DME is made from natural gas, but DME can also be produced by gasifying biomass. DME can be stored in liquid form at 5-10 bars pressure at normal temperature. A major advantage of DME is its naturally high cetane number, which means that selfignition will be easier. The high cetane rating makes DME most suitable for use in diesel engines, which implies that the high level of efficiency of the diesel engine is retained when using DME. The energy content of DME is lower than in diesel. DME can be produced effectively from syngas in a single-stage, liquid phase (LPDME) process. The origin of syngas includes a wide spectrum of feedstocks such as coal, natural gas, biomass, and others. Non-toxic, high density, liquid DME fuel can be easily stored at modest pressures. The production of DME is very similar to that of methanol. DME conversion to hydrocarbons, lower olefins in particular, is studied using ZSM-5 catalysts with varying SiO 2 /Al 2 O 3 ratios, whereas the DME carbonylation reaction to produce methyl acetate is studied over a variety of group VIII metal substituted heteropolyacid catalysts.
Syngas (typically a mixture of CO, H 2 , and CO 2 ) reacts over the active catalyst (Cu/Zn/Al 2 O 3 ) dispersed in an inert oil medium. This process offers considerable advantages over the conventional vapor phase synthesis of methanol in the areas of heat transfer, exothermicity, and selectivity toward methanol. However, this process suffers from the drawback that the methanol synthesis reaction is a thermodynamically governed equilibrium reaction.
The single-stage, LPDME process is very significant from both scientific and commercial perspectives. DME can be effectively converted to gasoline-range hydrocarbons, lower olefins, and other oxygenates. It may be used directly as a transportation fuel in admixture with methanol or as a fuel additive. In particular, DME is shaping up as an ultraclean alternative fuel for diesel engines. The advantages of using DME are ultralow emissions of nitrogen oxides (NO x ), reduced engine noise or quiet combustion, practically soot-free or smokeless operation and hence no exhaust after treatment, and high diesel thermal efficiency.
The F-T catalytic conversion process can be used to synthesize diesel fuels from a variety of feedstocks, including coal, natural gas, and biomass. Synthetic diesel fuels can have excellent autoignition characteristics. The F-T diesel is composed of only straight chain hydrocarbons and has no aromatics or sulfur. The synthetic F-T diesel fuel can provide benefits in terms of both PM and NO x emissions. F-T is most compatible with existing distribution for conventional diesel and only minimal adjustments are required to obtain optimal performance from existing CI engines. Physical properties of F-T are very similar to number 2 diesel fuel, and its chemical properties are superior in that the F-T process yields middle distillates that, if correctly processed (as through a cobalt-based catalyst), contain no aromatics or sulfur compounds. Thus, only F-T and DME were considered feasible near-term substitutes in our analysis.
The vegetable oils, such as palm, soybean, sunflower, peanut, and olive oils as alternative fuels can be used for diesel engines. Due to the rapid decline in crude oil reserves, the use of vegetable oils as diesel fuels is again promoted in many countries. The effect of a coconut oil as diesel fuel alternatives or as direct fuel blends are investigated using a single-cylinder, direct-injection diesel engine (Machacon, 2001) .
Vegetable oils have the potential to substitute a fraction of petroleum distillates and petroleum based petrochemicals in the near future. Vegetable oil fuels are not petroleum-competitive fuels because they are more expensive than petroleum fuels. However, with recent increases in petroleum prices and uncertainties concerning petroleum availability, there is renewed interest in using vegetable oils in diesel engines.
Bio-diesel is a fuel consisting of long-chain fatty acid alkyl esters made from renewable vegetable oils, recycled cooking greases, or animal fats (ASTM D6751, EPA, and DOE). Vegetable oils are converted to their methyl esters by transesterification reaction in the presence catalyst or without using any catalyst. Methyl esters of vegetable oils (bio-diesels) have several outstanding advantages among other new-renewable and clean engine fuel alternatives. Compared to No. 2 diesel fuel, all of the vegetable oils are much more viscous, while methyl esters of vegetable oils are the slightly more viscous. The methyl esters are more volatile than those of the vegetable oils. The soaps obtained from the vegetable oils can be pyrolysed into hydrocarbon-rich products (Demirbas, 2002) .
There are more than 350 oil bearing crops identified, among which only sunflower, safflower, soybean, cottonseed, rapeseed, and peanut oils are considered as potential alternative fuels for Diesel engines. The major problem associated with the use of pure vegetable oils as fuels, for Diesel engines, are caused by high fuel viscosity in compression ignition. The vegetable oils are all extremely viscous, with viscosities ranging 10-20 times greater than No. 2 Diesel fuel. Dilution, micro-emulsification, pyrolysis, and transesterification are the four techniques applied to solve the problems encountered with the high fuel viscosity.
Methyl, ethyl, 2-propyl, and butyl esters are prepared from canola and linseed oils through transesterification using KOH and/or sodium alkoxides as catalysts. In addition, methyl and ethyl esters are prepared from rapeseed and sunflower oils using the same catalysts. Ethanol is a preferred alcohol in the transesterification process compared to methanol because it is derived from agricultural products and is renewable and biologically less objectionable in the environment.
III. GASOLINE AND ALTERNATIVES TO GASOLINE
Gasoline is a blend of hydrocarbons with some contaminants, including sulfur, nitrogen, oxygen, and certain metals. The four major constituent groups of gasoline are olefins, aromatics, paraffins, and napthenes. The important characteristics of gasoline are density, vapor pressure, distillation range, octane, and chemical composition. To be attractive, a motor gasoline must have (a) desirable volatility, (b) anti-knock resistance (related to octane rating), (c) good fuel economy, (d) minimal deposition on engine component surfaces, and (e) complete combustion and low pollutant emissions (Chigier, 1981) .
Alternative fuels are substitute fuel sources to petroleum. These fuels are important because they replace petroleum fuels; however some still include a small amount of petroleum in the mixture. By replacing petroleum-based fuels, we will no longer need to rely on fossil fuel, which is a non-renewable resource. There are many benefits in using alternative fuels as well. The population of automobiles is currently dominated by vehicles burning gasoline. The main alternative fuels include alcohol, liquefied petroleum gas, CNG, hydrogen and electricity for operation gasoline type vehicles. Figure 1 shows the whole sale prices of a number of possible alternative fuels on an energy equivalent basis compared to conventional gasoline (AICHE, 1997). Only CNG and LPG appear to have some economic advantage relative to gasoline while ethanol, methanol and electricity are at a severe economic disadvantage (Piel, 2001) . The soaps obtained from the vegetable oils can be pyrolysed into hydrocarbon rich products. The yield of conversion of the sunflower oil reached the maximum 78.3% at 660 K over ZnCl 2 catalyst (Demirbas, 2003) .
Palm oil has been cracked at atmospheric pressure, a reaction temperature of 723 K to produce bio-fuel in a fixed-bed microreactor. The reaction was carried out over microporous HZSM-5 zeolite, mesoporous MCM-41, and composite micromesoporous zeolite as catalysts. The products obtained were gas, organic liquid product, water, and coke. The organic liquid product was composed of hydrocarbons corresponding to gasoline, kerosene, and diesel boiling point range. The maximum conversion of palm oil, 99 wt%, and gasoline yield of 48 wt% was obtained with composite micromesoporous zeolite (Sang et al., 2003) . Table 1 presents the conversion of the palm oil over HZSM-5 with different Si/Al ratios catalyst by catalytic cracking. The gasoline yield increased with the increase in the Si/Al ratio due to the decrease in the secondary cracking reactions and the drop in the yield of gaseous products (Sang et al., 2003) .
Some 26-34% by weight of fractions obtained from the fractional distillation of the vegetable oils was within the ASTM limits. When the ASTM D86 procedure was used to distil the vegetable oils, they cleaved into a two-phase distillate. Preliminary data indicate a complex mixture of products including alkanes, alkenes and carboxylic compounds (Demirbas, 1998) . Typically, it was not possible to distil all of the vegetable oil and some brownish residue remained in the distillation flask. However, the soaps obtained from the vegetable oils can be distilled into hydrocarbon-rich products with higher yields. These findings are in general agreement with results given in the literature (Barsic and Humke, 1981) .
The alcohols are oxygenates fuels that the alcohol molecule has one or more oxygen, which decreases to the combustion heat. Practically, any of the organic molecules of the alcohol family can be used as a fuel. The alcohols can be used for motor fuels are methanol (CH 3 OH), ethanol (C 2 H 5 OH), propanol (C 3 H 7 OH), butanol (C 4 H 9 OH). However, only methanol and ethanol fuels are technically and economically suitable for internal combustion engines (ICEs) (Bala, 2005) .
Ethanol (ethyl alcohol, CH 3 -CH 2 -OH) is a clear, colorless liquid with a characteristic, agreeable odor. Two higher blends of ethanol, E-85, and E-95 are being explored as alternative fuels in demonstration programs. Ethanol can be blended with gasoline to create E85, a blend of 85% ethanol and 15% gasoline. E85 and blends with even higher concentrations of ethanol, E95.
Ethanol has a higher octane number (108), broader flammability limits, higher flame speeds and higher heats of vaporisation than gasoline. These properties allow for a higher compression ratio, shorter burn time and leaner burn engine, which lead to theoretical efficiency advantages over gasoline in an ICE. Disadvantages of ethanol include its lower energy density than gasoline, its corrosiveness, low flame luminosity, lower vapor pressure, miscibility with water, and toxicity to ecosystems.
Currently, ethanol is produced from sugar beets and from molasses. A typical yield is 72.5 liters of ethanol per tonnes of sugar cane. Modern crops yield 60 tonnes of sugar cane per hector of land. Production of ethanol from biomass is one way to reduce both the consumption of crude oil and environmental pollution (Lang et al., 2001) . Domestic production and use of ethanol for fuel can decrease dependence on foreign oil, reduce trade deficits, create jobs in rural areas, reduce air pollution, and reduce global climate change carbon dioxide buildup (Demirbas, 2005) .
Methanol is mainly manufactured from natural gas, but biomass can also be gasified to methanol. Methanol can be made with any renewable resource containing carbon such as seaweed, waste wood, and garbage. This is a promising alternative, with a diversity of fuel applications with proven environmental, economic, and consumer benefits. Problems occurred early in the development of gasoline-methanol blends. As a result of its low price some gasoline marketers over blended. Many tests have shown promising results using 85-100% by volume methanol as a transportation fuel in automobiles, trucks and buses.
Methanol can be used as one possible replacement for conventional motor fuels. Methanol has been seen as a possible large volume motor fuel substitute at various times during gasoline shortages. It was often used in the early part of the century to power automobiles before inexpensive gasoline was widely introduced. Methanol is poisonous and burns with an invisible flame. Methanol has just like ethyl alcohol a high octane rating and hence an Otto engine is preferable. If an ignition booster is used, methanol can be used in a diesel engine.
LPG mainly contains propane (C 3 H 8 ) and butane (C 4 H 10 ). Both propane and butane are easily liquefied and stored in pressure containers. These properties make the fuel highly portable, and hence, can be easily transported in cylinders or tanks to end-users. LPG is a gas blend of gases produced commercially in petroleum refineries and stored under pressure below critical temperature in order to keep it in a liquid state. LPG also can be produced from natural gas (NG). The normal boiling point of LPG varies from 229 K to 273 K so that the pressure required liquefying.
When prepared as fuel, LPG is largely propane; common uses are for powering automotive vehicles, for cooking and heating, and sometimes for lighting in rural areas. LPG is an attractive fuel for internal-combustion engines because it burns with little air pollution and little solid residue, it does not dilute lubricants, and it has a high octane rating.
Unlike gasoline, LPG is used as a dry gas and contains no fuel additives. Without lead as a lubricating agent, some early LPG conversions resulted in increased wear rates in the engine cylinder valves. LPG has higher ignition temperatures than gasoline, which increases the importance of maintaining proper ignition system operation will result in improper combustion and sluggish vehicle performance.
The LPG fuel/air mixture burns well, so engine starting problems are less common than with liquid fuels, LPG has a lower energy density but higher octane rating than gasoline. Consequently, LPG produces fewer miles per gallon but the octane value allows higher compression ratios and higher power and fuel efficiency. For the same compression ratio, the amount of gaseous LPG air/fuel mixture that can be burned is about 5-10% less than in gasoline engines.
Total HC, CO, and NO x emissions are a function of propane concentration in the LPG blend. It is observed that upon changing the propane concentration from 60 to 85% the HC emissions are reduced 30-44%, CO 73-95%, while NOx are increased 7-9 times for various vehicles using LPG blends (Diaz et al., 2000) .
LPG is a good substitute for petrol in spark ignition engines. Its clean burning properties, in a properly tuned engine, give reduced exhaust emissions, extended lubricant and spark plug life. LPG is one of the cleanest alternative fuels for motor vehicles. LPG presents a useful combination of combustion and storage properties that makes it an attractive vehicular fuel.
Hydrogen is one of the most promising alternative energy technologies. Hydrogen can be generated in a number of ways, such as electrochemical processes, thermochemical processes, photochemical processes, photocatalytic processes, or photoelectrochemical processes (Momirlan and Veziroglu, 1999; Momirlan and Veziroglu, 2002) . Biohydrogen production by anaerobic fermentation of from renewable organic waste sources has been found to be a promising method for the recovery of bio-energy (Han and Shin, 2004) . In this method, anaerobic bacteria use organic substances as the sole source of electrons and energy, converting them into hydrogen.
The use of hydrogen as a fuel for transportation and stationary applications is receiving much favorable attention as a technical and policy issue (Cherry, 2004 ). Hydrogen gas is being explored for use in combustion engines and fuel-cell electric vehicles. It is a gas at normal temperatures and pressures, which presents greater transportation and storage hurdles than exist for the liquid fuels. Several hydrogen technologies are under development; the most promising of these is the fuel cell. Fuel cells use hydrogen, oxygen, catalyst, and electrolytic solution to produce energy in the form of heat and electricity. A primary advantage of hydrogen over other fuels is that its only major oxidation product is water vapor; its use produces no CO 2 . Combustion of hydrogen in air can result in the formation of NO x , but it may be reduced to low levels by proper design. Hydrogen is nontoxic and not carcinogenic.
NG consists of 85-95% of methane, CH4, which is the simplest hydrocarbon. NG is the cleanest burning alternative fuel. Exhaust emissions from NG vehicles are much lower than those from gasoline-powered vehicles. Combustion of NG reduces carbon dioxide content compared with diesel, but the lost efficiency when the Otto process is used means that carbon dioxide emissions increase. All in all combustion of NG in an gasoline engine gives rise to about as much carbon dioxide as the combustion of diesel in a diesel engine, measured in units of energy.
NG is a cleaner burning fuel than either gasoline or diesel. However, NG also contains active compounds, such as sulfur, and inert compounds such as nitrogen and CO 2 . NG has a high octane number (110-130) and therefore potential for use in a high compression engine. NG is a fossil fuel and is extracted from gas sources in bed-rock. It is lighter than air and a carries a certain risk of explosion. NG can be stored in compressed form and is then known as CNG, or at a temperature (−162°C) in liquid form, known as LNG. LNG has been considered as an option for fueling automobiles.
Biogas is mainly composed of methane. The proportion of methane is about 60-70%. In particular there is more carbon dioxide in biogas, but it also contains hydrogen sulfide, nitrogen, steam and particles. These pollutants must be removed before the biogas can be used. P-Series fuel is a unique blend of natural gas liquids, ethanol, hydrocarbons methyltetrahydrofuran (MeTHF). MeTHF is a biomass-derived co-solvent. P-Series is made primarily from renewable resources and provides significant emissions benefits over reformulated gasoline. P-Series fuels are clear, colorless, 89-93 octane number, liquid blends that are formulated to be used in flexible fuel vehicles. Like gasoline, low vapor pressure formulations are produced to prevent excessive evaporation during summer and high vapor pressure formulations are used for easy starting in the winter. P-series is at least 60% non-petroleum. Because a majority of the components that make up P-series fuels come from domestically produced renewable resources, this alternative fuel promotes both energy security and environmental quality. P-series could be 96% derived from domestic resources. P-series fuels could reduce fossil energy use by 49% to 57% and petroleum use by 80% relative to gasoline. Greenhouse gas emissions of the P-series fuels are 45% to 50% below those of reformulated gasoline. P-Series would be used in severe cold-weather conditions to meet cold start requirements.
P-series also has many environmental benefits. Emissions from the production and use of P-Series are substantially better than those from gasoline. Each unite of P-series fuel emits approx 50% less carbon dioxide, 35 % less hydrocarbons, 15% less carbon monoxide than gasoline. It also has 40% less ozone forming potential.
Electricity can be used as a transportation fuel to power battery electric and fuel cell vehicles. Electric fuel is electricity that is used to directly power the vehicle. The power is created by batteries and other electricity sources. Batteries are energy storage devices, but unlike batteries, fuel cells convert chemical energy to electricity. Fuel cell vehicles use electricity produced from an electrochemical reaction that takes place when hydrogen and oxygen are combined in the fuel cell stack. The production of electricity using fuel cells takes place without combustion or pollution and leaves only two byproducts, heat and water. Batteries are energy storage devices, but unlike batteries, fuel cells convert chemical energy to electricity. Benefits include no emissions and fewer parts to be serviced and replaced. Electricity is also cheaper than gasoline.
Solar energy technologies use sunlight to produce heat and electricity. Solar fuel is light from the sun transformed into energy. Electricity produced by solar energy through photovoltaic technologies can be used in conventional electric vehicles. Solar energy can not be used directly in cars except as a stunt. The current solar-powered cars are just religious exercises in the solar religion. Solar power may be used to run certain auxiliary systems in the vehicle. Solar energy is derived from the sun. In order to collect this energy and use it to fuel a vehicle, photovoltaic cells are used. Pure solar energy is 100% renewable and a vehicle run on this fuel emits no emissions.
IV. CONCLUSION
Alternative fuels are substitute fuel sources to petroleum. These fuels are important because they replace petroleum fuels; however some still include a small amount of petroleum in the mixture.
Alternative fuels for Otto engines or LDVs contain CNG, methanol and ethanol, LPG, liquefied natural gas, hydrogen, and electricity. Alternative fuels for Diesel engines or HDEs contain F-T diesel, vegetable oil, biodiesel, and DME.
By replacing petroleum-based fuels, we will no longer need to rely on fossil fuel, which is a non-renewable resource. There are many benefits in using alternative fuels as well. The population of automobiles is currently dominated by vehicles burning gasoline.
